The fragmentation pathways of seven types of taxoids were investigated by using a LC-MS/MS method, namely: (1) neutral taxoids with a C-4(20) double bond; (2) taxoids with a C-4(20) double bond and oxygenation at C-14;
Taxoids are a class of diterpenoids with a basic [9.3.1.0] 3,8 pentadecene ring system [1] . In 1971, the first taxoid, paclitaxel, was isolated from the Pacific yew tree (Taxus brevifolia Nutt.) [2] , which is now one of the most exciting anticancer drugs in clinical use for the treatment of advanced ovarian and breast cancer [1] . This discovery has encouraged many researchers around the world to search for new taxoids with similar anticancer activity. Until now, more than 360 taxoids have been isolated from Taxus species, for example T. baccata, T. wallichiana, and T. cuspidata, and the number is still increasing [3] . The compounds are usually isolated as a mixture of taxoids with similar structures. Thus, a convenient method for determining their structure has become urgent.
Mass spectrometry is the most sensitive method for the simultaneous detection of hundreds of compounds in a single extract and has been recognized as an important tool for the quantitative evaluation of crude drugs. Usually, authentic samples are necessary for identifying chemically diverse natural products in plant extracts, but a class of compounds gives characteristic fragment ions in MS. Therefore, accumulation of mass spectral information on standard compounds is necessary for the determination of natural products in extracts and for their practical structure elucidation.
So far, relatively little information has been reported on the mass spectrometry of taxoids other than the molecular ions of the new compounds [4] [5] [6] [7] [8] . In the present study, the fragmentation of seven types of taxoids has been investigated using LC-MS/MS to provide the information utilizable in structural elucidation of taxoids. [5, 8] .
In the present study, however, 14 taxoids (compounds 1-3, 6-12, 14, and 18-20) gave only the [M+NH 4 ] + ion.
On the other hand, taxoids having a carbonyl group at C-13 (compounds 4, 5, 15, and 16) , a basic taxoid with a C-4(20) double bond (compound 17), and 3 taxoids with an oxetane ring and a phenylisoserine C-13 side chain (compounds 21-23) gave [M+H] + ions. Thus, compounds 17 and 21-23 should be basic enough to abstract a proton from the ammonium ion, as described by Madhusudanan et al. [11] . Compound 13 failed to yield significant molecular adduct ions in a positive ESI mode and gave a [(M+H)-H 2 O] + ion in low intensity.
In order to clarify the fragmentation pathways of taxoids, either [M+NH 4 ] + or [M+H] + ions obtained in the first order mass spectra were subjected to MS/MS analysis.
In the MS/MS spectra of neutral taxoids with a C-4(20) double bond (compounds 1-6, Table 1) 
5-Cinnamoyl taxoids with a C-4(20) double bond with
an acetoxyl moiety at C-13 (compounds 11-13, Table  3 ) provided fragment ions through loss of an acetic acid molecule, followed by loss of a cinnamic acid molecule (11: m/z 443.2390, 12: m/z 501.2530, 11: m/z 529.2189). This result suggests that the elimination of acetic acid was easier than that of cinnamic acid in these cases. Ye et al. have reported that the acetoxyl group at C-7 appears to be eliminated more easily than at other positions [8] . Thus, the acetic acid molecule that eliminates first should be attributable to the acetoxyl group at C-7. On the other hand, 5-cinnamoyl taxoids with a C-4(20) double bond having either a hydroxyl group or a carbonyl group at C-13 (compounds 14-16, Table 5 ) is also due to the successive loss of an acetic acid molecule, a benzoic acid molecule, and a water molecule. However, the ions produced by the successive loss of the CH 2 =CO group (Δm = 42 u) were also detected at very low intensities.
Fragmentation patterns of taxoids with an oxetane ring and a phenylisoserine C-13 side chain, such as taxol (21), have also been reported ( In the present study, we investigated the fragmentation pathways of taxoids using a LC-MS/MS method. Depending on the class of the core structure and the substitution pattern, each taxoid gave a distinctively prominent molecular adduct ion. The differences in the fragmentation pathways from the molecular adduct ions should indicate the type of side-chains and structural modifications, which can be utilized for the structure elucidation of taxoids by LC-MS.
Experimental

Analytical sample preparation and reagents:
All taxoids analyzed in this study were isolated previously from the bark of T. yunnanensis [9, 10] . The samples were dissolved in methanol at a concentration of 0.1 mg/mL. Each solution was filtered through a 0.2 μm Millipore filter unit (Advantec, Japan), and 1 μL of the filtrate was injected into a LC-MS system for analysis. Chromatographic solvents were of HPLC grade and were purchased from Wako Chemical Co. Ltd. (Tokyo, Japan). 
Analytical instruments:
